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Introduction

A salinity minimum layer is observed at intermediate depths
in the Atlantic Ocean in the region between the Antarctic Conver-
gence and approximately 25'N. latitude. This layer is referred
to as the Antarctic or sub-Antarctic Intermediate Water Mass, for
it is assumed to be formed by the sinking of Antarcti and sub-
Antarctic surface waters at the Antarctic Convergence .

German and British oceanographers have discussed its mechanism
of formation, its flow pattern, and the distribution of its physical
and chemical properties; but these studies were mostly concerned
with the northward movement of this water mass as a mass movement
rather than as transport due to the current systems of the region.
If the surface current system of the South Atlantic is assumed to
extend below the depth of this water mass, as the recent work of
Riley (1951) suggests, the observed distributions of its tempera-
ture and salinity characteristics may be explained as a result of
this pattern and the lateral mixing assumed to be associated with
it.

The following sections attempt to show the influence of the
current system of the southwestern South Atlantic and lateral mix-
ing upon the distribution of the temperature-salinity characteris-
tics of AAIW, and the data of previous investigations have been
examined and shown to satisfy the above concept.

Resume of previous investigations pertaining to AAIW

The source of AAIW has been located along the northern edge
of the Antarctic Convergence, where the Antarctic and sub-Antarctic
surface waters converge, mix, and sink. Sverdrup (1933) derived
the north-south circulation pattern for the sub-Antarctic region
and on the basis of a series of vertical sections across the con-
vergence concluded that the source of this water mass lies along
the northern edge of the convergence. Wust (1936) obtained similar
results from the "kernschicht"2  technique. Depth contours of the
kernschicht of this water mass were constructed for the South
Atlantic, and the surface contour was assumed to represent the
line along which the layer is formed and sinks (see figure la).
This contour was found to coincide-with the Polar Front, which is
the German equivalent of the Antarctic Convergence, and so, from
these results the northern edge of the convergence may be con-
sidered to be a source of AAIW.

1 Results of this paper show that the salinity minimum layer may

also be formed by other surface waters, but the layer will con-
tinue to be referred to as Antarctic Intermediate Water and be
abbreviated as AAIW.

2 This may be translated as the "core" technique, and the "core" of

a layer is considered to be the part of the layer within which the
salinity or temperature reach extreme values.
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Though the British and German oceanographers agree upon this
region of formation of the water mass, the nature of their res-
pective observations has led to different approaches for studying
its behavior as it spreads northward from the source. The British
north-south sections offer excellent physical and chemical profile,
but the German results more completely describe the water mass
with respect to horizontal and vertical flow and modification by
turbulence.

Wust (1936) has discussed the flow pattern of the Antarctic
Intermediate Water by considering the salinity minimum to repre-
sent its "kernschicht" The distributions of depth, temperature,
salinity and oxygen as observed at the depth of the salinity mini-
mum associated with this water mass were used to trace its flow
throughout the Atlantic Oceans. Figure lb is a reproduction of
the depth, salinity, and flow patterns derived from the "kern-
schicht" technique. According to Wist the main flow is along
the east coast of South America. Upon sinking at the Antarctic
Convergence, the water mass moves north and westward towards South
America, and the water entering the Northern Hemisphere is assumed
to have flowed along the coast of South America from latitudes
south of 400 South.

A series of hydrographic stations w~th positions closely
approximating the main flow derived by wust were used to study the
modification of this water mass by turbulence. Defant (1936)
attributed the northward salinity increase of the water mass to
the effects of horizontal advection and vertical turbulence with
the over- and underlying waters. The ratio of the vertical aus-
tauch coefficient to the horizontal velocity was computed and the
resulting profile of this ration used to determine the lower boun-
dary of the water mass as well as its extension into the Northern
Hemisphere. Since one of the terms of the ratio must be assumed
in order to evaluate the other, this profile does not present an
accurate method for determining the velocities at which this water
mass progresses northward.

The only direct estimate of the current velocity for this
water mass was made by Deacon (1931). A profile of the velocity
at the depth of the salinity minimum was constructed from the
oxygen observations made along the 30th meridian. The secondary
oxygen maxima, which were observed along this meridian, were attri-
buted to the seasonal formation of the water mass and the distance
between successive maxima was assumed to represent the distance of
travel in one year, While this method offers a means for computing
the north-south component of a velocity along a given meridian,
it does not account for the east-west component which in some
areas may be larger than the north-south one.

The combined studies of W{st and Defant suggest (1) that the
salinity minimum layer is formed near the northern edge of the
Antarctic Convergence; (2) from its source it sinks north and west-
ward until it flows parallel and offshore of the continental shelf



of South America; (3) the main flow parallels the continental
shelf well into the Northern Hemisphere; and (4) along the direc-
tion of flow the temperature and salinity are being modified by
horizontal advection and vertical mixing.

This concept has mostly been based on interpretations of the
Meteor Expedition data. In view of the more recent studies of
the currents in the southwestern South Atlantic and of the dis-
cussions of lateral mixing in preference to vertical (Montgomery,
1941) a re-examination of the temperature, salinity, and depth
distributions given by Atst suggests that these distributions may
be explained by an entirely different flow pattern and turbulent
process.

Influence of the current system of the southwestern South Atlantic
upon the formation and distribution of AAIW

The major currents of the southwestern South Atlantic are the
Circumpolar, the Falkland and the Brazilian Currents. The general
features of their flow pattern are shown in figure 2. These fea-
tures have been derived from the mean 200 meter temperature and
salinity distributions of this region and the current pattern of
the Patagonian Shelf as given by Hart (1946). As the West Wind
Drift and Circumpolar Current clear Drake Passage part of it
separates and becomes the Falkland Current, which flows northward
along the coast of South America. Since the Falkland Current ori-
ginated from waters with properties similar to those of the Cir-
cumpolar Current, the temperatures and salinities of these two cur-
rents are similar. They are colder and less saline than the south-
ward flowing Brazilian Current, which flows parallel and opposite
to the Falkland Current north of latitude 45 S.

Sverdrup (1946) has shown the Circumpolar Current is related
to the Antarctic Convergence. This Circumpolar Current must be
related to the processes by which the water mass is formed and
sinks, even though the mechanism of AAIW formation is not com-
pletely understood. Upon sinking AAIW flows towards the central
South Atlantic, but the currents of the West Wind Drift region,
between the Antarctic and sub-Tropical Convergences, move it to-
wards the east at a faster rate than it sinks northward. As a
result the trajectory of the water mass is more easterly than
northerly and is in agreement with the general transport pattern
of the southern part of the South Atlantic as derived by Riley
(1951).

Previous studies have concluded that a mass movement at mid-
depths, which is opposite to the surface system in some areas,
transports AAIW away from the source at the Antarctic Convergence;
but if the surface current system is assumed to extend to depths
below the AAIW water mass, the flow pattern of AAIW will approxi-
mate that shown in figure 3. The importance of this pattern is
that the water mass reaches the Northern Hemisphere without moving
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in a direction opposite to the under- and overlying waters, and
also the salinity distribution of the AAIW kernschicht observed
by Wust may be explained. This salinity distribution is shown
with the flow pattern in the figure.

According to this pattern the main source of the water mass
is along the Antarctic Convergence, but a secondary source may
exist along the coast of South America as a result of mixing bet-
ween the Falkland and brazilian Currents. The proximity of these
currents suggests that their surface layers may mix in a transi-
tion zone between them and the resulting mixture sink into the
intermediate layer of the brazilian Current. It is possible for
the surface waters of the two currents to produce a heavier water
by cabeling3 , and this water will sink until it reaches water of
its own density. If low stability conditions exist, the density
gradient is small and the heavier mixed water will have to sink
well below the depth at which mixing occurs in order to reach
water of equal aensity, and this means it will be removed from
the zone of mixing.

This mechanism has been observed around the edge of the Lab-
rador Sea where the intermediate water of the basin is formed
(Smith et al, 1937). Along the coast of Labraaor the Labrador
Current flows southward between the coast and the remainder of
the Irminger Current. Sections across these currents indicate
that they produce a mixture which sinks in the transition zone
between them and then spreads towards the center of the basin.
Soule (1938) constructed stability profiles across these currents
and the tongue of mixed water may be shown to correspond to a
layer of low stability.

If the intermediate water off the coast of South America is
assumed to be formed under similar conditions, a layer of low
stability should be present. From the transition zone between
the Falkland and Brazilian Currents such a layer is found to extend
seaward beneath the Brazilian Current. The salinity and stability
profiles in figure 4 suggest the layer is formed by the above
mechanism. These profiles were constructed from the observations
at Meteor stations 1, 3, 4, and 5. Although these stations are
widely spaced, the section shows the general hydrographic features
of the two currents and the transition zone and indicates the
necessary movement for the mixing and sinking process described
above.

The formation of AAIW along the coast of South America may
be expected to occur as far north as the two currents are observed

3 Smith et al. (1937) state that because of the nonlinear relation-
ship between temperature and density an adiabatic mixture of two
waters of equal density but of different temperaturesand salinities
will have a greater density than that of the original two waters.
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to run parallel an]d opposite to each other. Surface current data
for the area indicate that these currents migrate seasonally and
during the Southern hemisphere winter months the Falkland Current
is observed as far north as Cape Frio (230S.). This enables AAIW
to be formed along the coast between Cape Frio and latitude 45'S.,
where the Brazilian Current veers eastward from the coast.

From this source and the one along the northern edge of the
Antarctic Convergence, AAIW sinks and in doing so is moved down-
stream by the prevailing currents. The circulation system des-
cribed in figure 3 is the principle means by which this low sali-
nity water is distributed, but there is also lateral mixing taking
place along the edge of these currents. This lateral mixing is
responsible for the observed AAIW in such regions as the central
South Atlantic, where the currents are either absent or weak.

Influence of lateral mixing upon the temperature and salinity
characteristics of AAIW

Previous papers concerning the movement and modification of
AAIW have considered a mass movement northward from the Antarctic
Convergence accompanied by a modification due to vertical mixing
with the under- and overlying waters. The last section has shown
that the movement may be considered to follow the general circu-
lation of the South Atlantic rather than a northward flow of mass;
and from the papers by Sverdrup (1939), Montgomery (1940), and
Iselin (1939) it is suggested that the principle turbulence mec-
hanism which modifies this water mass is lateral rather than
vertical mixing.

Defant (1936) attributed the northward salinity and tempera-
ture increases in the AAIW and AABW4 masses to vertical mixing,
but a later paper by Sverdrup refuted this assumption and showed
that the temperature and salinity distributions for the AABW
could best be accounted for by the processes of lateral mixing
and currents directed along isopycnic surfaces. The results of
Sverdrup and others (Montgomery, 1940) indicate rather than prove
that lateral mixing and mass advection along isopycnic surfaces
are the important processes by which the temperature and salinity
characteristics of the intermediate waters of the Atlantic are
modified. These results suggest that the temperature and salinity
distributions of AAIW might be explained by lateral rather than
vertical mixing.

A study of the influencesof vertical and lateral turbulence
on the characteristics of the waters found at mid-depths in the
North Atlantic has shown that for certain regions lateral mixing
can be considered to be the predominant mechanism for producing
the observed temperature and salinity distributions. Iselin (1939)

4 AABW is the conventional abbreviation for Antarctic Bottom water.
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found the temperature-salinity correlation for the intermediate
water in the Sargasso region to be representative of the winter
surface temperature and salinity conditions for the region in
which the water mass sinks; and for this condition to exist it
is necessary for the water mass to sink along isopycnic surfaces
and be mostly modified by lateral mixing.

This process has been adapted to the southwestern South
Atlantic in order to determine whether or not lateral mixing and
mass advection along isopycnic surfaces can account for the tem-
perature-salinity characteristics of AAIW as observed in the cen-
tral South Atlantic. Method: A method similar to the one employed
by Iselin for the North Atlantic has been used to relate the
observed temperature-salinity correlation of AAIW in the central
South Atlantic to the surface layer conditions in the regions of
its origin. In the case of the North Atlantic the observed tem-
perature-salinity characteristics at mid-depths were extrapolated
along isopycnic surfaces until these surfaces intersected the
actual sea surface. The characteristics of the sea surface in the
region of intersection were then found to be comparable to the
original mid-depth properties, and the changes in salinity and tem-
perature between the surface and mid-depths were attributed to
lateral mixing.

Analogous to this method, the difference between the AAIW tem-
perature-salinity characteristics of its source region and those
observed in the central South Atlantic has been attributed to the
effects of lateral mixing as the water mass flows along isopycnic
surfaces. This assumption has been used to determine the surface
conditions of the source region that would be required to produce
the observed conditions in the central South Atlantic. If it were
possible to determine the area of the South Atlantic whose surface
layer conditions are comparable to these required values, this
area would coincide with the region of the Antarctic Convergence,
which has previously been shown to be a source of AAIW.

Since it is difficult to determine such an area from the exist-
ing data, it has been assumed that the required temperature-salinity
correlation for the surface layer in the source region may be inter-
preted as representing the characteristics of the southern boundary
for the region of AAIW formation. This assumption requires that
the coldest and least saline water on each isopycnic surface be
found at the intersection of the isopycnal with the surface layers
and that the intersection be the most southerly point along the
isopycnal. These conditions are found to exist in the South Atlantic.

With this interpretation of the required surface layer tem-
perature-salinity correlation, the southern boundary for the area
in the southwestern South Atlantic, whose surface layer conditions
are warmer and more saline than those described by the correlation
curve, has been compared with the position of the Antarctic Conver-
gence to determine the validity of the assumptions upon which this
method is based.



-7-

In order to apply this method, a series of Meteor and Discovery
hydrographic stations made in the central South Atlantic were
selected to obtain a representative temperature-salinity correla-
tion for the water mass in this region. The insert in figure 5
shows the distribution of these stations, and curve A presents
the mean correlation obtained from them. As stated above, these
values have been assumed to be the results of lateral mixing upon
the original surface layer conditions as the water mass moved along
constant density surfaces. The required surface layer conditions
in the region of AAIW formation which could produce the temperature-
salinity properties of the central South Atlantic are described by
the temperature-salinity correlation of curve B. This curve has
partially been constructed from the reported temperature-salinity
properties of the AAIW kernschicht for depths equal to or less
than 200 meters. The mean correlation of these values is repre-
sented by the segment of curve B between isopycnals 26.9 and 27.2.

Sverdrup (1946) states that the lower boundary of AAIW corres-
ponds to the 27.4 isopycnal and so curve B has been extrapolated for
the segment beyond 27.2. The extrapolation was based on the tem-
perature difference between curves A and B corresponding to a given
isopycnal. This temperature difference was assumed to represent
the magnitude of temperature modification due to lateral mixing
and the advection of a particle from the source to the central
South Atlantic. The magnitude of temperature modification along
isopycnic surfaces within the range from 26.9 to 27.2 were plotted
in figure 6 and the magnitude of modification corresponding to the
range of isopycnic surfaces between the values 27.2 and 27.45 were
obtained by extrapolation. These extrapolated values were applied
to the segment of curve B beyond the 27.2 isopycnal.

The temperature-salinity characteristics of correlation curve
B have been interpreted as representing the characteristics of the
surface layer for the southern boundary to the region of AAIW for-
mation. In order to establish this boundary, the mean surface
layer temperature and salinity properties for the southwestern
South Atlantic were obtained and compared with those described by
curve B. The region of the southwestern South Atlantic from 35'S.
to 600 S. and from the Greenwich meridian to Drake Passage was con-
sidered. A complete list of the source of data from which the
mean surface layer temperature and salinity values for this region
were obtained may be found at the end of this report.

The mean properties have been used in preference to the indivi-
dual observations in order to minimize the seasonal variation in
the magnitudes of the salinity and temperature. Furthermore,
Deacon (1931) has considered this water mass to be mainly formed
during the winter months, as is the intermediate water of the
North Atlantic (Iselin, 1939). On the basis of this seasonal for-
mation, a subsurface level with year 'round properties similar to
the winter conditions was selected. Of the standard depths for
which data were reported the 200 meter level best suited this
requirement. The homogeneous surface layer should extend below
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this level in winter; and with a smaller annual range of tempera-
ture and salinity at this level than at the sea surface, a mean
200 meter temperature and salinity obtained from data for all sea-
sons should better represent the winter surface layer conditions
than a set of mean surface values.

For each one-degree field of latitude and longitude within
the described above area and for which data were available, an
arithmetic mean 200 meter temperature and salinity was computed.
This mean 200 mater temperature and salinity for a given one-degree
field constitutes a temperature-salinity point, and these points
have been plotted in figure 7. Curve C of this figure has been
constructed so that nearly all these points lie to its left. Since
the 200 meter temperature-salinity points for the source region of
AAIW are included among the points in figure 7, they too must lie
to the left of curve C.

Since curve B has been assumed to represent the coldest and
least saline tempernture-salinity values of the source region and
curve C has been constructed to include nearly all the mean 200
meter temperature-salinity points of the southwestern South Atlantic,
the southern boundary of an area vith mean 200 meter properties
corresponding to those included between the two curves should
correspond to the southern boundary for the AAIW source region.
If the assumptions upon which this method has been based are to
be satisfied, these boundaries should coincide.

Verification of assumptions: All one-degree fields of latitudes
and longitude with temperature-salinity properties within the
hashed area of figure 8 were determined, and the southern boundary
of such fields constructed and shown as curve I in figure 9. A
comparison between this southern limit and the one derived by Wust
shows the two to be in agreement. In most regions the one by W{lst
lies to the north of the other as should be expected since the
curve by Wust refers to the "core" of the water mass and the other
one refers to its lower boundary which extends further towards
Antarctica. The similarity of the two curves derived from dif-
ferent methods seems to substantiate the basic assumptions of the
method.

An additional verification of these assumptions may be found
in the value of the isopycnic urface which approximates the boun-
dary between the AAIW and NADW. It should be noted that the
curves in figure 8 cross at the 27.4 isopycnals. The crossing at
this isopycnal is considered to coincide with the boundary between
the two water masses. It is not possible for AAIW to be found
beyond the 27.4 isopycnic surface and still satisfy the condition
that the mean 200 meter temperature-salinity points in the source
region must lie to the left of curve C in figure 7 and be bounded

NADW is the conventional abbreviation for North Atlantic Deep
Water.
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by curve B in figure 5 on the left. For this reason, the 27.4 iso-
pycnic surface has been considered to represent the lower boundary
of the intermediate water. This value agrees with the 27.4 value
report by Sverdrup (1946) as representing the lower boundary of
the water mass as it spreads northward. The agreement between the
two values suggests that the assumed magnitude of modification
upon which curve B in figure 5 is based is valid.

Results and Conclusions

The recent study by Riley (1951) of the mass transport and
the distributions of salinity, oxygen, phosphate, and nitrate
along sigma-t surfaces in the Atlantic Ocean has suggested that
the flow of AAIW in the South Atlantic conforms to the surface
current pattern and may not constitute a mass movement northward,
particularly along the coast of South America, as Wust (1936) and
others have advocated. By considering the surface current system
of the South Atlantic to extend to depths below those at which the
AAIW is found, it has been attempted here to show that the distri-
bution of salinity associated with the core of this water mass can
be explained by this flow pattern.

It has been concluded that AAIW is mainly formed along the
northern edge of the Antarctic Convergence and a secondary source
is located along the coast of South America. From these sources
the water sinks and is transported by the major currents of the
South Atlantic. Eventually part of the water mass is transported
into the Northern Hemisphere by a branch of the Southern Equatorial
Current. Such a flow pattern could produce a latitudinal velocity
distribution similar to the one given by Deacon (1931). According
to the latter, the northward component of velocity for AAIW along
the thirtieth meridian increases north of latitude 20'S. Since
this is approximately the latitude from which the branch of the
Southern Equatorial Current flows northward, the increase in velo-
city may be explained by the northward transport of AAIW by the
current.

Further consideration of the surface current system for the
southwestern South Atlantic indicates that the presence of AAIW
along the coast of South America may be the result of mixing bet-
ween the Falkland and Brazilian Currents. A Meteor section across
these two currents suggests that the mechanism of formation in the
transition zone between them is similar to the one by which the
intermediate water of the Labrador Basin is formed. It is believed
that the local winds are also important in the formation of this
layer and may account for the absence of such a source region along
the southwestern coast of Africa (Currie, 1953). A detailed study
of the wind field and currents along the coast of South America
should determine the dependence of this source region upon the
local wind conditions.
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In addition to describing the flow pattern for AAIW and also
its secondary source region along the coast of South America, it
has been attempted to show that the observed temperature-salinity
characteristics of AAIW in the South Atlantic are produced by the
modification of the initial temperaturesand salinities of the
source region and that this modification is mainly produced by
lateral mixing as the water mass described in the flow pattern
shown in figure 3. An assumed amount of modification was pre-
scribed for the portion of the water mass on each isopycnic sur-
face. The combination of this prescribed amount of modification
and the observed temperature-salinity properties of AAIW in the
central South Atlantic have been used to describe the required
temperature-salinity properties of the source region. The region
in the South Atlantic with surface layer conditions comparable to
the required ones was found to coincide with the source region of
AAIW as previously determined by wNist (1936).

The lower boundary of this water mass was also determined and
found to coincide with the 27.4 isopycnic surface. This value is
in agreement with the value reported by Sverdrup (1946).

The results of this paper suggest that an isentropic analysis
of the flow of AAIW along isopycnic surfaces within the range of
values between 26.9 and 27.4 would substantiate the assumed flow
pattern. Riley's transport patterns were computed from average
values which were representative of large areas. They indicate
the major characteristics of the pattern, but a finer scale study,
particularly for the region along the coast of South America, is
in order. Future field work in the South Atlantic should empha-
size the hydrography of the region along the coast of South America
between the Falkland Islands and Cape Frio. The British Discovery
Committee has examined the region about the Antarctic Convergence
and along the coast of Africa, and now the coast of South America
should be considered. Since the current patterns for this region
have seasonal variations, a Southern Hemisphere winter survey is
suggested. With the aid of additional data from sections across
the Falkland and Brazilian Currents, it should be possible to study
further the vertical movement within the transition zone between
these currents.



Sources of Data

1. Antarctic, Otto Nordenskjo~1d, 1920. Die ozeanographischen
Eigebniase der sahwedisaben Sa~dpolar expedition Ir
Wissenschaftliche ' Ergenisse der Schwedisahen Suden-
polar- expedit ion 19119-3B~TI,N r. 2

2. Detchad Wilhden Bronnacke, 1921. Die oceanographischen
Arbeiten der Antarktischen Expedition 1911-1922, Aus
dem Archiv der Deutschen Seewarte, 30, Nr. 1.

3. Discovery, Station List 1925-1927. Discovery Renorts, 1:3-91, 1929
Discvery-TI I 1929-1931. Idm, I 574932

it1931-1933. ,1 XXI:2-225, 1941it it 1933-1935. H, XXII:3-196, 1943
1935-1937. . XXIV:3-196, 1945

" 1937-1939. t XXIV:198-422, 1947

4. Jan We11em Werner Reichelt, 1941. Die oceanographischen
Ve rhAitnisse bis zur warmen Zwischenschicht an der ant-
arktischen Eisgrenze im S{~dsommer 1936-1937. Nach
Beobachtungen auIf dem, Walfang-Mutterschuff "tJan Wellem
im Weddell-Meer. Aus dem Archiv der Deutschen Seewarte
and des MarineobservatoriEsq- -Y..

5. Mee Temperature and Salinity, Georg Wtist, 1932. Das Ozeanische
Beobachtungsmaterial (Serienhnessungen). Wissenschaftliche
Er ebnisse der Atlantische Exedition auf dem Forshuns-

6. William Scoresby--Station List 1925-1927 Discovery Report, 1:92-140,'
1929

It ~ 1929-1931 "IV:166-221,

1932
H ft 1931-1938 IIxxv:144-280,

1949



- 12 -

References

Currie, R., 1953: Upwelling in the Benguela Current, Nature, vol.
171, pp. 497-500.

Deacon, G. E. R., 1931: Velocity of deep currents in the South
Atlantic, Nature, vol. 127, p. 267.

__ , 1933: A general account of the hydrology of the South
Atlantic. Discovery Reports, Vol. VII, pp. 171-238.

Defant, A., 1936: Ausbreitungs-und Vermischungsvorgange im Ant-
arktischen Bodenstrom und im Subantarktischen Zwischenwasser.
Deutsche Atlantische Exped."Meteor" 1925-1927, Wiss. Erg.,
Bd. 6, 2 i Lief 2, pp. 55-96.

riart, T. J., 1946: Report on trawling surveys on the Patagonian

Continental Shelf. Discovery Reports, Vol. XXIII, pp. 223-
408.

Iselin, C. O'D. 1939: The influence of vertical and lateral tur-
bulence on the characteristics of the waters at mid-depths,
Amer. Geophys. U n., Trans., Pt. 3, Pp. 414-417.

Montgomery, R. B., 1940: The present evidence of the importance
of lateral mixing processes in the ocean. Bull., Amer.
Meteor. Soc., Vol. 21, pp. 87-94.

Riley, G. A., 1951: Oxygen, phosphate, and nitrate in the Atlantic
Ocean, Bull., Bingham Oceanographic Collection, Vol. XIII,
art. 1, pp. 1 -126.

Smith, E. H., Soule, F. M., and 0. Mosby, 1937: The Marion and
General Greene expeditions to Davis Strait and Labrador Sea.
Scientific Results, Pt. 2, Phys. Ocean., U. S. Treas. Dept.,
Bull. 19.

Soule, F. M., 1938: Oceanography. Excerpt from International Ice
Observation and Ice Patrol Service in the North Atlantic
Ocean. Season of 1937. U. S. Coast Guard Bull., 27:71-126.

Sverdrup, H. U., 1933: On the vertical circulation in the ocean
due to the action of the wind. With application to conditions
within the Antarctic Circumpolar Current. Discovery Reports,
Vol. VII, pp. 139-170.

, 1939: Lateral mixing in the deep water of the South
Atlantic Ocean. Jour. Mar. Re.., Vol. II, No. 3, PP. 195-207.

Sverdrup, H. U., M. Johnson, and R. Fleming, 1946: The Oceans.
Prentice-Hall, Inc., New York, 1087 pp.

'I

Wust, G., 1936: Die Stratouphare des Atlantische Oneans. D
Atlantische Expad. "Meteor" 1925-1927, Wis. Erg., Bd.6,1
TiT1, Schtung.



DISTRIBUTION LIST Contract N6onr-27701 (NR-083-004) page la

Copies Addresses

1 Commanding Officer
Air Force Cambridge Research Center
230 Albany Street
Cambridge 39, Massachusetts

Attn: CRIISL

1 Allan Hancock Foundation
University of Southern California
Los Angeles 7, California

5 Armed Services Technical Information Center
Documents Service Center
Knott building
Dayton 2, Ohio

2 Assistant Naval Attache for Research
American Embassy
Navy Number 100
Fleet Post Office
New iork, New York

1 Assistant Secretary of Defense for Research &
Development

Pentagon building
Washington 25, Do C.

Attn: Committee on Geophysics and
Geography

1 Head
Department of Oceanography
Brown University
Providence, Rhode Island

1 Director
Chesapeake Bay Institute
Box 4 26A
R. F. D. #2
Annapolis, Maryland

2 Chief, bureau of Ships
Department of the Navy
Washington 25, D. C.
Attn: Code 847

1 Chief, Bureau of Yards and Docks
Department of the Navy
Washington 25, D. C.

1 Chief of Naval Operations (Op-533D)
Department of the Navy
Washington 25, D. C.



DISTRIBUTION LIST (Cont'd.) page 2a

Copies Addresses

3 Chief of Naval Research
Department of the Navy
Washington 25, D. C.
Attn: Code 416 (2)

Code 466 (1)

1 Department of Conservation
Cornell University
Ithaca, hew York
Attn: Dr. J. C. Ayers

1 Commanding General
Research and Development Division
Department of the Air Force
washington 25, D. Co

1 Commanding General
Research and Development Division
Department of the Army

Washington 25, D. C.

1 The Oceanographic Institute
Florida State University
Tallahassee, Florida

1 Director
Lamont Geological Observatory
Torrey Cliff
Palisades, New York

1 Director
Narragansett Marine Laboratory
Kingston, Rhode Island

1 National Research Council
2101 Constitution Avenue
Washington 25, D. C,

Attn: Committee on Undersea
Warfare

1 Commanding Officer
Naval Ordnance Laboratory
White Oak
Silver Spring 19, Maryland

6 Director
Naval Research Laboratory
Washington 25, D. C.

Attn: Technical Information Officer

1 Office of Naval Research Branch Office
1030 East Green Street
Pasadena 1, California



DISTRIBUTION LIST (Cont'd.) page 3a

Copies Addresses

1 Office of Naval Research Branch Office
1000 Geary Street
San Francisco 9, California

1 Office of Naval Research Branch Office
Tenth Floor, John Cregar Library Bldg.
86 East Randolph Street
Chicago, Illinois

1 Office of Naval Research Branch Office
150 Causeway Street
Boston 14, Massachusetts

1 Office of Naval Research Branch Office

346 Broadway
New York 13, New York

2 Officer-in-Charge
Office of Naval Research London Branch

Office
Navy Number 100
Fleet Post Office
New York, New York

1 Office of Technical Services
Department of Commerce
Washington 25, D. C.

1 Dr. Willard J. Pierson
New York University
New York 53, New York

1 Department of Zoology
Rutgers University
New Brunswick, New Jersey

Attn: Dr. H. H. Haskin

2 Director
Scripps Institution of Oceanography
La Jolla, California

1 Head
Department of Oceanography
Texas A & M
College Station, Texas

1 Department of Engineering
University of California
Berkeley, California

1 Director
Hawaii Marine Laboratory
University of Hawaii
Honolulu. T- H.



DISTRIBUTION LIST (Cont'd.) page 4a

Copies Addresses

1 Director
Marine Laboratory
University of Miami
Coral Gables 46, Florida

1 Head
Department of Oceanography
University of Washington
Seattle 5, Washington

1 U. S. Army Beach Erosion Board
5201 Little Falls Road, N. W.
Washington 16, D. C.

1 Director
U. S. Coast and Geodetic Survey
Department of Commerce
Washington 25, D. C.

1 Commandant (OAO)
U. S. Coast Guard
Washington 25, D. C.

1 U. S. Fish and Wildlife Service
450 B Jordan Hall
Stanford University
Stanford, California

1 U. S. Fish and Wildlife Service
Fort Crockett
Galveston, Texas

1 U. S. Fish and Wildlife Service
P. 0. Box 3830
Honolulu, T. H.

1 U. S. Fish and Wildlife Service
Woods Hole,
Massachusetts

2 Director
U. S. Fish and Wildlife Service
Department of the Interior
Washington 25, D. C.
Attn: Dr. L. A. Walford

" 1 Project Arowa
U. S. Naval Air Station, Bldg. R-48
Norfolk, Virginia

1 Department of Aerology
U. S. Naval Post Graduate School
Monterey, California



DISTRIBUTION LIST (Cont'd.) page 5a

Copies Addresses

2 Director
U. S. Navy Electronics Laboratory
San Diego 52, California
Attn: Code 550

Code 552

Hydrographer
U. S. Navy Hydrographic Office
Washington 25, D. C.
Attn: Division of Oceanography

Bingham Oceanographic Foundation
Yale University
New Haven, Connecticut


